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The  question  is  frequently  raised  in  connection  with  the  use  of 
aluminum  and  its  alloys  whether  they  can  be  satisfactorily  sol- 
dered; and  if  so,  by  what  method  and  with  what  metals  or  alloys. 
Aluminum,  and  to  a lesser  extent  its  alloys,  can  be  welded  quite 
satisfactorily  by  the  oxygen-gas  process,  but  often  it  is  not  de- 
sirable to  heat  the  parts  to  be  joined  to  the  relatively  high  tem- 
perature necessary  to  weld  them  in  this  manner,  owing  to  the 
resultant  distortion  of  the  parts,  and  a means  of  joining  at  lower 
temperatures  is  sought. 

There  are  many  special  solder  compositions  for  aluminum  pat- 
ented and  sold  to-day,  with  which  it  is  claimed  that  soldering  can 
be  readily  and  satisfactorily  accomplished,  and  the  general  in- 
terest in  the  utilization  of  this  method  is  evidenced  by  the  in- 
quiries which  are  received  by  this  Bureau  relating  to  it  and  to  the 
many  commercial  solders.  It  is  in  response  to  these  inquiries 
that  the  following  discussion  of  solders  for  aluminum  has  been 
prepared,  based  upon  special  tests  made  at  this  Bureau  as  well  as 
upon,  current  experience  and  the  results  and  tests  of  previous 
investigation.1 

1 W.  S.  Bates,  paper  read  before  Am.  Chem.  Soc.,  March  1898:  J.  W.  Richards,  Method  of  Soldering 
Aluminum,  J.  Frank.  Inst.,  137,  p.  160,  1894;  C.  F.  Burgess  and  C.  Hambuechen,  Some  Laboratory  Ob- 
servations on  Aluminum,  Joum.  Soc.  Chem.  Ind.,  22,  p.  1135,  1903,  and  Electro  chem.  Ind.,  1903. 
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1.  APPLICATION  AND  ADHESION 

Whether  aluminum  can  satisfactorily  be  soldered  resolves  itself 
into  the  questions:  (*i)  Whether  the  solder  can  be.  applied  and 
made  to  adhere  to  the  aluminum,  and  (2)  whether  the  joint  thus 
made  is  stable  and  does  not  deteriorate.  The  choice  of  a solder 
composition  is  determined  also  by  other  factors,  such  as  strength, 
ductility,  etc.,  discussed  below. 

Aluminum  solders,  consisting  usually  of  mixtures  in  various 
proportions,  of  zinc,  tin,  and  aluminum,  are  usually  applied  in 
the  following  manner:  The  surfaces  to  be  soldered  are  carefully 
cleaned  with  a file  or  with  emery,  and  are  then  “ tinned  ” or  coated 
with  a layer  of  the  solder  by  heating  the  surface  and  rubbing  the 
solder  into  it.  The  joint  between  the  “ tinned  ” surfaces  may  then 
be  made  in  the  usual  manner  with  a soldering  iron  and  the  solders. 
A flux  is  not  used.  Evidently  the  efficiency  of  the  joint  depends 
upon  the  adhesion  between  the  aluminum  and  the  initial  layer  of 
solder. 

A flux  is  sometimes  recommended  for  use  with  commercial 
solders,  consisting  of  stearic  acid,  rosin,  zinc  chloride,  soap, 
sugar,  or  mixtures  of  these.  Tests  made  at  this  Bureau  have 
not  shown  any  advantages  in  the  use  of  such  fluxes,  either  in  the 
case  of  application  (‘‘tinning”)  or  in  the  resultant  adhesion  of 
such  fluxed  metal. 

Table  1 contains  the  results  of  certain  special  tests  on  commer- 
cial compositions  of  solders  as  well  as  upon  compositions  made  up 
at  the  Bureau.  From  this  table  it  will  be  noticed  that  the  range 
of  temperatures  within  which  melting  takes  place  in  solders  is 
usually  large.  Solders  such  as  Sterling  and  £n-i  are  not  very 
fluid  until  nearly  at  the  upper  temperature  limit  given,  while  the 
others  become  fluid  within  the  lower  ranges. 

Strips  of  aluminum  alloy  and  aluminum  sheet  were  carefully 
cleaned  and  coated  with  the  different  compositions.  This  was 
accomplished  quite  readily  in  all  cases.  The  resultant  layer  of 
solder,  without  exception,  appeared  to  have  “wetted”  and  joined 
quite  thoroughly  with  the  aluminum.  The  tinned  strips  were 
immersed  in  water  for  various  periods  of  time  and  the  effect  of 
this  treatment  noted.  Within  48  hours  blisters,  varying  from 
one-half  to  2 or  3 mm  in  diameter,  appeared  in  the  soldered  layer 
of  all  specimens,  as  shown  in  Figs.  1-6.  Upon  breaking  those 
blisters  it  was  noted  that  the  aluminum  immediately  below  had 
never  been  alloyed  with  the  solder.  Within  from  7 to  14  days 
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Fig.  i. — Sn-i  solder;  7 days  in  tap  water.  X-f 


Fig.  2. — Sn-2  solder ; 7 days  in  tap  water  Xi 


Fig.  3. — Sn-4  solder;  7 days  in  tap  water.  X-f 
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Fig.  5. — Sterling  solder ; 7 days  in  tap  water.  X-Z" 


Fig.  6. — Roesch  solder;  7 days  in  tap  water.  Xi 


TABLE  1. — Compositions  and  Properties  of  Some  Aluminum  Solders 


Solders  for  Aluminum 
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the  blisters  grew  in  number  and  area  until  quite  a large  propor- 
tion of  the  “tinned”  layer  could  be  stripped  off.  In  these  tests 
it  was  noted  that  with  solders  such  as  “Sterling,”  which  remained 
semisolid  up  to  high  temperatures,  finer  blisters  were  produced. 
This  is  to  be  attributed  to  the  fact  that  in  order  to  apply  such  a 
solder  a higher  temperature  was  necessary  to  melt  the  solder, 
and  that  alloying  of  the  layer  with  the  aluminum  beneath  thus 
took  place  more  completely. 

Besides  the  blistering,  extensive  corrosion  took  place  during 
these  tests.  In  all  specimens  the  aluminum  was  rapidly  attacked 
immediately  adjacent  to  the  “tinned”  layer,  gelatinous  A1203 
being  formed,  as  shown  in  Fig.  7.  In  the  case  of  the  specimens 
soldered  with  zinc-base  solders  (Zn-i  and  Roesch),  the  solder 
also  was  attacked,  whereas  the  tin-base  solder  was  not  itself 
corroded. 

2.  STRENGTH  AND  DUCTILITY  OF  SOLDERS 

The  Table  1 gives  a data  of  mechanical  tests  made  on  cast 
specimens  of  the  various  solders.  There  is  not  much  variation 
in  the  strength  of  the  solders  tested,  but  there  is  considerable 
variation  in  their  ductility.  Small  one-fourth-inch  bars  of  solder 
such  as  Zn-i  and  Sterling  could  not  be  bent  more  than  a few 
degrees,  whereas  Sn-i  could  be  bent  double  and  flattened  out. 
It  is  highly  desirable  to  have  a ductile  solder,  and  the  presence 
of  copper  or  antimony  or  of  excess  of  aluminum,  producing 
brittleness,  is  therefore  to  be  avoided,  as  there  is  no  other  necessity 
for  it. 

Some  tests  were  made  to  ascertain  the  strength  of  soldered 
joints  of  sheet,  the  results  being  shown  in  Table  2. 

The  strength  of  the  solder  in  these  joints  was  rarely  equal  even 
to  its  strength  in  the  cast  form.  (See  Table  1 .)  Failure  occurred 
apparently  both  through  the  solder  and  at  the  bond. 

3.  ELECTROLYTIC  BEHAVIOR  OF  SOLDERS 

The  most  common  solders  consist  of  tin  as  a base  with  addition 
of  zinc,  aluminum,  and  sometimes  lead  in  moderate  proportions. 
Tin,  zinc,  and  lead  are  all  electrolytically  electronegative  to 
aluminum.  In  contact  with  aluminum,  and  in  the  presence  of 
moisture,  each  of  these  metals  causes  a galvanic  action  by  which 
the  aluminum  is  attacked.  These  elements  form  simple  eutectic 
binary  alloys  (except  zinc-aluminum,  aluminum-lead,  and  zinc- 
lead)  with  each  other,  such  that  a solder  containing  tin,  zinc,  lead, 


TABLE  2. — Tests  of  Soldered  Joints  a 
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and  aluminum  actually  contains  each  of  these  elements,  practi- 
cally pure.  The  electrolytic  emfs  of  these  metals  to  aluminum  in 
a normal  solution  of  their  salts  are  given  below : 


Volts 

Magnesium +0.20 

Aluminum ± mOQ 

Zinc _ . 52 

Cadmium _ . gg 

Tin —1. 12 

Lead — 1. 13 

Copper -1.56 


Measurements  made  of  the  electrolytic  emf  of  solders  to  alumi- 
num gave  the  following  results: 


In  o. i per  cent  H2S04:  Volts2 

Sterling -0.364 

Sn_I - -445 

Zn_I — *391 

In  0.001  n (A1)2(S04)3  solution: 

Sterling -0.300 

Sn— 1 — . 269 

Zn-i — .310 

TtJ°-°°5  n HC1  L 
jo.ooi  n Al2(S04)3j ’ 

Sterling —0.312 

Sn-i — .321 

Zn-i — . 346 


Thus  there  is  little  difference  between  tfye  different  solders  in 
this  respect.  They  are  all  electronegative  to  aluminum.  Electro- 
lytically  they  act  as  negative  galvanic  poles,  accelerating  the  corro- 
sion 0/  the  aluminum.  The  zinc-base  solders,  in  addition,  are 
themselves  rapidly  attacked. 

4.  COMPOSITION  OF  SOLDERS 

An  idea  of  the  energy  which  has  been  devoted  to  the  discovery 
of  special  compositions  of  solders  for  aluminum  is  given  by  Table  3. 
For  many  of  these  solders  extravagant  claims  are  made  for  ease 
of  application  and  for  permanence.  The  first  of  these  is  generally 
justified,  since  solders  within  fairly  wide  limits  of  composition 
can  readily  be  applied  when  due  care  is  exercised,  but  the  second 
is  not,  since  without  exception  joints  soldered  with  such  compo- 
sitions when  exposed  to  water  or  moist  air  are  rapidly  corroded 
and  disintegrated. 


2 The  sign  (— ) indicates  that  this  solder  was  negative  to  the  aluminum;  i.  e.,  the  current  flowed  from  the 
aluminum  to  the  solder  in  the  solution. 


TABLE  3. — Compositions  of  Patented  or  Commercial  Solders 


Solders  for  Aluminum 
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a 5 per  cent  phosphor-tin. 


TABLE  3. — Compositions  of  Patented  or  Commercial  Solders — Continued 
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Solders  for  Aluminum 
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5.  GENERAL  CONCLUSIONS  CONCERNING  ALUMINUM 

SOLDERS 

1.  All  metals  or  combinations  of  metals  used  for  aluminum 
soldering  are  electrolytically  electronegative  to  aluminum.  A 
soldered  joint  is  therefore  rapidly  attacked  when  exposed  to  mois- 
ture and  disintegrated.  There  is  no  solder  for  aluminum  of  which 
this  is  not  true. 

2.  Joints  should  therefore  never  be  made  by  soldering  unless 
they  are  to  be  protected  against  corrosion  by  a paint  or  varnish, 
or  unless  they  are  quite  heavy,  such  as  repairs  in  castings,  where 
corrosion  and  disintegration  of  the  joint  near  the  exposed  surface 
would  be  of  little  consequence. 

3.  Solders  are  best  applied  without  a flux,  after  preliminary 
cleaning  and  tinning  of  the  surfaces  to  be  soldered.  The  com- 
position of  the  solder  may  be  varied  within  wide  limits.  It 
should  consist  of  a tin  base  with  addition  of  zinc  or  of  both  zinc 
and  aluminum,  the  chief  function  of  which  is  to  produce  a semi- 
fluid mixture  within  the  range  of  soldering  temperatures 

SUGGESTED  RANGES  OF  COMPOSITION 


Tin-zinc  solders : 

Tin Remainder 

Zinc,  per  cent 15-50 

Tin-zinc-aluminum  solders : 

Tin Remainder 

Zinc,  per  cent 8-15 

Aluminum,  per  cent 5-12 


4.  The  higher  the  temperature  at  which  the  “tinning”  is  done, 
the  better  the  adhesion  of  the  tinned  layer.  By  using  the  higher 
values  of  the  recommended  zinc  and  aluminum  percentages  given 
above,  the  solder  will  be  too  stiff  at  lower  temperature  to  solder 
readily  and  the  workman  will  be  obliged  to  use  a higher  tempera- 
true,  thus  securing  a better  joint.  A perfect  union  between  solder 
and  aluminum  is  very  difficult  to  obtain. 

5.  The  joint  between  previously  tinned  surfaces  may  be  made 
by  ordinary  methods  and  with  ordinary  soft  solder.  Only  the 
“tinning”  mixture  need  be  special  for  aluminum. 

6.  There  is  no  reason  why  a good  solder  for  aluminum  need  be 
brittle  as  several  commercial  varieties  are,  and  it  is  very  unde- 
sirable that  it  should  be. 

7.  The  tensile  strength  of  a good  aluminum  solder  is  about 
7000  pounds  per  square  inch.  The  strength  of  a joint  depends 
upon  the  type  and  upon  the  workmanship.  Much  dependence 
should  not  be  placed  on  the  strength  of  a joint. 
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